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Abstract 
Feedback and poles are very meaningful concept in automatic control. A kind of adaptive poles method is proposed 
to solve synchronization problem of  uncertain chaotic systems with the driven and response structure. Also a whole 
Lyapunov function is chosen to guarantee the stability of the system and numerical simulation is done and testifies 
the rightness and effectiveness of the proposed method. Most important of all, this method greatly relaxs the 
limitation of the uncertainties which is easy to be satisfied by common chaos system because of its boundness. 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
of Science and Technology 
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1. Introduction 
Chaos system has been widely researched in recent years because of its many potential applications in 
daily life. Synchronization of chaos system is a meaningful and useful project since it can be used in 
secure communication (Manfeng Hu & Zhenyuan Xu,2007). It is also a key technology that affect the 
equality of secure communication. 
     In real systems, there are all kinds of uncertainties (Xinyu Wang, 2009),should be considered for the 
design of a synchronization system. In this paper, a kind of driven system with unknown parameters and 
uncertain nonlinearities is considered and the response system is known.  The nonlinearity of the driven 
system is bounded and it is defined by an assumption which is very easy to be satisfied by common 
chaotic systems. 
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     The poles and zeros are very important concept (Hao Lei & Wei Lin, 2006,2007)not only for linear 
systems but also in nonlinear systems.  And in this paper, a kind of adaptive poles method is proposed 
and used for the synchronization of chaos system.  
2.      Problem description 
Consider the below driven system and response system, where the parameters of response system is 
known and there are unknown parameters and nonlinear functions considered in driven system.  
   The driven system is described as follows: 
( ) ( ) ( , )x x xx f x F x x tθ= + + Δ&  (1) 
  The response system can be written as: 
( )yy f y bu= +&  (2) 
Take an three order system as an example, the driven system can be expanded as 
1 1
1 1 1 4 1 1 4 1 1
1 1
( , , ) ( , , ) ( , )
p q
x x j x j x j
j j
x f x x F x x x tθ
= =
= + + Δ∑ ∑& L L  (3) 
2 2
2 2 1 4 2 1 4 2 2
1 1
( , , ) ( , , ) ( , )
p q
x x j x j x j
j j
x f x x F x x x tθ
= =
= + + Δ∑ ∑& L L  (4) 
3 3
3 3 1 4 3 1 4 3 3
1 1
( , , ) ( , , ) ( , )
p q
x x j x j x j
j j
x f x x F x x x tθ
= =
= + + Δ∑ ∑& L L  (5) 
The response system can be expanded as 
1 1 1 4 1 1( , , )yy f y y b u= +& L  (6) 
2 2 1 4 2 2( , , )yy f y y b u= +& L  (7) 
3 3 1 4 3 3( , , )yy f y y b u= +& L  (8) 
Where xθ is unknown parameters, ， ( , )xij x tΔ is unknown function, ib is known constant. 
The objective of adaptive poles synchronization is to design a control ˆ( , , )iju u x y r=  and 
1 2 3ˆ ( , , )ijr f z z z=& such that the synchronization of chaos system can be fulfilled , so y x→  holds .  
3. Assumption 
There are two assumptions can be proposed for the classic chaos system. 
Assumption 1: The response system and driven system  have the same structure then it means they 
have same dimension.   
Assumption 2:  The nonlinear function can satisfies with  the below condition , for 1 i n≤ ≤ ,
21 j p≤ ≤ , there exist unknown  parameters ij ijr d≤  such  that 
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where ijd is known  constant.  Because chaos systems  are bounded , so this assumption is easy to be 
satisfied  for many chaotic systems.  
4. Adaptive poles synchronization 
Define a error variable as i i iz y x= − , the error system can be written as 
1 2
1 4 1 4
1 4
1 1
( , , ) ( , , )
( , , ) ( , )
i yi xi
p p
xij xij xij i i
j j
z f y y f x x
F x x x t buθ
= =
= −
− − Δ +∑ ∑
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According to the assumption 2 that there exists a virtual poles placement that the ideal control law can be 
constructed as  
1
1 1 2 2 3 3[ ]id i i i iu b r z r z r z
−= + +  (11) 
Such that the system is stable. And  the Lyapunov function can be chosen as 
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Since the ideal poles placement is unknown , so use the adaptive law to design the real iu  as 
1
1 1 2 2 3 3ˆ ˆ ˆ[ ]i i i i iu b r z r z r z
−= + +  (14) 
Where the estimation of unknown coefficients are defined as   
ˆij ij ijr r r= −%  (15) 
Solve the derivative as 
ˆij ijr r= − &&%  (16) 
Design the turning law of the estimation as  
iˆj i jr z z= −&  (17) 
And the Lyapunov function can be defined as 
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It is easy to prove that 
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1 0V ≤&  (19) 
And the system is stable. 
5. Numerical simulation 
Take the below three order system to do the numerical simulation , the uncertain driven system can 
be defined as 
1 2 1 3 2( ) coslbx a x x k x x= − +&
2 1 2 1 3 3 2coslbx bx cx x x k x x= + − +&
2
3 2 3 2 3 2(1 sin( ))lbx x hx k x x x= − + +&
Choose 20, 14, 10.6, 2.8, 0lba b c h k= = = = =  , and the response system can be defined as 
1 2 1 1( )yy a y y u= − +&    
2 1 1 3 2y yy b y k y y u= − +&    
2
3 3 1 3y yy c y h y u= − + +&    
Choose parameters as ( , , , , ) (10, 40, 2 .5,1, 4 )y y y y ya b c k h = , and the initial states are chosen 
as 1 2 3( , , ) (1, 1,2)y y y = − .  Using the proposed synchronization method, the simulation result can see 
following figures. 
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Fig. 1. state x1 and state y1                           Fig. 2.  state x2 and state y2 
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Fig. 5. error curve of  z2                                       Fig. 6.  error curve of   z3 
Figure 1 and figure 2 and figure3 shows the compare between the driven system and response system. 
So the synchronization of x1 and y1 is better the synchronization of other two groups of signals x2, x3 
and y2, y3. Figure 4 and figure 5 and figure 6 show the synchronization error of the two systems. It is 
obvious that although the errors are near zero but they can not be converged to zero as close as possible. 
That is just caused by   nonlinear functions. Without the robust process of nonlinear functions, the 
simulation results will be better in the situation that there exist only parameters uncertainties. 
6. Conclusion  
A novel kind of poles adaptive placement method is proposed in this paper to solve the uncertain 
chaos synchronization problem. There are two advantages of this method that is worthy pointing out as 
follows.  First, the limitation of uncertainties such as nonlinear functions can be relaxed greatly. Second, a 
novel ideal poles placement concept is firstly used in this paper for chaos synchronization problem. 
Also, it points out that the synchronization error can not converged to zero as close as possible and it is 
because of the existence of uncertain functions. 
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